The temperature dependence of the non-radiative relaxation probabilities of Cr3+ in fluoride BIGaZYT glass have been obtained by puked photoacoustic technique. The results are compared with nonradiative probabilities obtained from luminescence measurements.
INTRODUCTION
The theory of the puked photoacoustic signal (PAS) generation has been widely studied in liquids and gases(1). Solid samples have been essentially treated in the case of opaque materials (metals and semiconductors). However, the photoacoustic pulsed technique is also a useful tool to investigate the nonradiative deexcitation probabilities of optically active ions in solid hosts. In this work we present a theoretical approach to the photoacoustic waveforms generated by a thermal expansion mechanism in pulsed regime, obtained for optically thin and thermally thick isotropic solid samples. In particular, the attention is focused on the PAS generation due to non-radiative deexcitation of Cr3+ in BIGaZYT fluoride glass. From the theoretical results and the measured photoacoustic waveforms as a function of temperature, the behaviour of the non-radiative deexcitation probability of Cr3+ for the 4T2 + 4A2 transition has been found in the 77-300K temperature range.
THEORY
The pressure exerted by the sample on the transducer has been obtained by assuming a two level system microscopic scheme for the relaxation of the Cr3+ ions. The basic equations governing the PAS generation were derived from thermoelastic considerations(*). Neglecting the thermal diffusivity, the scalar potential Y associated to the longitudinal component of the displacement verifies the following differential equation where cl is the velocity of the longitudinal wave, P the thermal expansion coefficient under constant pressure, K and p are the bulk and shear moduli, p is the density, cp the specific heat at constant pressure, and H(t) the heat released per unit time and unit volume, obtained from the deexcitation scheme. In isotropic elastic solids, the potential Y is related to the pressure on an elementary surface, normal to n by:
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The source function in equation (1) is proportional to the integrate of the heat released in the sample per unit time per unit volume. Its analytical form can be deduced from a simple microscopic scheme of the interaction between ions and photons. Cr3+ ion occupies low field sites in these matrices and behaves as a two level system, shown schematically in the next figure:
Figurel: Level scheme for ~r 3+ in low field sites Energy from the pumping beam (a pulsed laser with pulse duration of zL=10 ns) excites the electrons from the 4A2 to the 4T2 energy band. Electronic relaxation to the lower excited state level takes place with a time constant of the order of picoseconds (aL), and the lifetime of electrons in the lower excited state level is of the order of microseconds (>> T~) .
The great difference between the laser pulse duration and the lifetime of electrons in the pumping level allows us to neglect the shortest time and assume that the filling of the lowest excited state is governed by the laser time profile.
According to this scheme, the heat generated per unit time and unit volume in the sample can be written as follows:
where a is the absorption coefficient, I is the intensity of the laser beam, fio and fioF are the pumping and fluorescence photon energy, N2 is the number of ions per unit volume in the excited state lower level, 2 is the lifetime of the electron in this level, and q is the quantum efficiency of fluorescence. As is evident, H(r,t) can be written in two terms, a first one H1 corresponding to the fast nonradiative decay to the bottom of the absorption band, and a second one Hz which describes the slow de-excitation from that level to the ground state. Introducing Hl(r,t) and H2(r,t) into the right-hand side of guation for (I), one gets two wave equations which correspond to potential functions associated to the fast and slow de-excitation processes. The dependence of N2 with time arises from the solution of the rate equation
The theoretical photoacoustic waveforms generated by the fast relaxation inside the 4T2 band and by the deexcitation from the relaxed excited state to the 4A2 ground state can be obtained by solving equation (1) by the Green method, with the Green functiod3),
G(r, r', t, ti)= 1 f o r t > t ' + -
v Figure 2 shows the results for typical constant values, asymmetric temporal laser profile of 9 ns width, lifetime of the excited state z of 100 ns, and a zero radius laser beam. As can be seen, at early times the pulse generated by deexcitation to the relaxed excited state (circles) does not essentially differ from the total response, which is the sum of both pulses (solid line). Moreover, the photoacoustic signal generated by the deexcitation from the relaxed excited state to the ground state (crosses) is proportional to the non-radiative deexcitation probability.
Time (ns) Figure 2 : PAS generated by the fast (circles) and slow (100 ns) deexatations (crosses) and sum *of both (solid line),
EXPERIMENTAL
Experimental measurements were carried out in a BIGaZYT.Cr3+ (0.5 mol%) fluoride glass sample with a pulsed frequency doubled YAG:Nd pumped tunable dye laser of 9 ns pulse width and 0.08 cm-1 Linewidth, tuned at 630 nm. A fraction of the incident beam was split to fall upon an area of the sample covered with black paint. The signal from this beam was used to normalize the temperature response of the system that was varied from 77 to 300 K A photoacoustic cell was constfucted to operate inside an Oxford continuous flow cryostat. The signal was detected by a 25 pm thick PVDF piezoelectric film, amplified by a 115 wideband EG&G-PAR pre-amplifier and frnally monitored on a Tektronix 2440 digital scope connected to a computer. Figure 3 shows a typical experimental waveform at room temperature.
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RESULTS AND DISCUSSION
Next we present the results obtained for the pressure corresponding to the first deexcilalion and to the second one for different lifetimes of the metastable level ( figure 4) .
Inspection of the curves shows that the photoacoustic signal decreases in amplitude and increases in width when the lifetime of electrons in the metastable level increases. This is in qualitative agreement with the theoretical results obtained by Kuo et a1.W for liquid samples. From the results shown in figure 2 the temperature dependence of the non-radiative relaxation probability can be obtained. Assuming a given value for the Cr3+ quantum efficiency at Iiquid Nitrogen temperature (LNT) and accepting there is no variation with temperature of the deexcitation inside the 4T2 band, the scaled difference between the photoacoustic signal at a certain temperature and the signal at LNT gives the relative contribution of the heat released from the metastable level at that temperature. As theoretical results point out, the substraction must be carried out after scaling both curves at early times-The amplitude of the difference is proportional to the non-radiative deexcitation probability W,,. Figure 5 shows the experimental behaviour of W,, with temperature compared to the values obtained by luminescence spectroscopy [5] .
